wo 2023287353 A3 | N0 0 TR0 0 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

A

=

(19) World Intellectual Property
Organization
International Bureau
(43) International Publication Date
19 January 2023 (19.01.2023)

(10) International Publication Number

WO 2023/287353 A3

WIPO I PCT

(51) International Patent Classification:

HOIM 4/583 (2010.01) COIB 32/15 (2017.01)
HOIM 4/04 (2006.01) B82B 3/00 (2006.01)
HOIM 10/05 (2010.01) B82Y 40/00 (2011.01)

(21) International Application Number:
PCT/SG2022/050475

(22) International Filing Date:
08 July 2022 (08.07.2022)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

10202107631T 12 July 2021 (12.07.2021) SG

(71) Applicant: NATIONAL UNIVERSITY OF SINGA-
PORE [SG/SG]; 21 Lower Kent Ridge Road, Singapore
119077 (SG).

(72) Inventors: GRANIERO ECHEVERRIGARAY, Sergio;
c/o National University of Singapore, Centre for Advanced
2D Materials, 21 Lower Kent Ridge Road, Singapore

74

@81)

119077 (SG). NAIR, Vivek; c¢/o National University of Sin-
gapore, Centre for Advanced 2D Materials, 21 Lower Kent
Ridge Road, Singapore 119077 (SG). CASTRO NETO,
Antonio Helio; c/o National University of Singapore, Cen-
tre for Advanced 2D Materials, 21 Lower Kent Ridge Road,
Singapore 119077 (SG).

Agent: KINNAIRD, James, Welsh; Marks & Clerk Sin-
gapore LLP, Tanjong Pagar Post Office, P.O. Box 636, Sin-
gapore 910816 (SG).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AOQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ,DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE,
KG, KH, KN, KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU,
LY, MA, MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA,
NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
RS,RU,RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,

(54) Title: SULFURED-CARBON NANOMATERIAL ELECTRODES FOR ENERGY STORAGE AND METHODS FOR TO PRO-

DUCE THE SAME

onset: 237.2 ‘fC

1004 -
804"
<
2
_o_I 60
E
=
2404
204—cGNpP
- - - F-GNP
----- S-F-GNP
O T T
0 100 200

T T T T T
300 400 500 600 700 800

Temperature (°C)

FIG. 1

(57) Abstract: Disclosed herein is a nanoparticulate material, that includes a carbon nanomaterial having a first surface, a second
surface and one or more edges; and sulfur on the first and second surfaces and the one or more edges of the carbon nanomaterial,
where the sulfur forms from 50 wt.% to 99 wt.% of the composition when measured using one or both of CHNS elemental analysis
and thermogravimetric analysis. Also disclosed herein are batteries using said material.
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